The energy spectrum of the hydrogen atom has been applied in calculating the time rate of energy transitions between the quantum states of the atom. The formal basis of the approach has been provided by the quantum properties of energy and time deduced from the Joule-Lenz law. The rates of the energy transitions obtained in this way were compared with the quantum-mechanical probabilities of transitions calculated earlier by Bethe and Condon and Shortley for the same pairs of the quantum states.
Introduction
The intensity of the electron transitions between quantum states in an atom met since a long time an important conceptual difficulty. Since the states are separated by indivisible quanta of energy, the problem of a gradual fulfillment of the energy gaps characterized by these quanta loses its sense and only a probabilistic approach concerning a whole of the quantum ensemble represented by a set of atoms should be considered. Such kind of the statistical reasoning has been applied to quantum states already in the framework of the old quantum theory [1] - [3] , nevertheless the effective calculations of transition probabilities were provided, in general, only by the formalism of quantum mechanics [4] [5] .
In practice, an application of such a quantum-mechanical background seems to be a rather tedious task, mainly because of a possibly accurate knowledge of the wave functions necessary to calculations. But in general the appropriate wave functions are difficult to assess, and remain much less accurate than the energies. This situation made it desirable to obtain a coupling between the energy quanta and the time intervals associated with the transitions which-intuitionally-should be represented by some finite amounts of time.
Fortunately such a coupling could be provided in effect of an analysis of single electron transitions in a quantum system done with the aid of the Joule-Lenz law. We assume that both the energy amount, and the interval of time entering this law, are characteristic for the electron transition. In effect a reference between the energy and time is defined by 1) the electric resistance connected with transition and 2) the electron current present in the system [6] - [8] . The current, on its side, is represented by the periodic one-electron motion in the system, a property which is well-known, for example, in the case of the electron circulation performed incessibly in the Bohr hydrogen atom. On the other hand, the resistance is obtained in effect of the presence of a potential difference connected with the energy change between two quantum levels.
When the electric resistance and current are combined together according to the Joule-Lenz law, we obtain readily a coupling between the energy change and that of time; see e.g. [9] . In considering the emission spectra we assume that the excited states of the atoms are approximately in thermal equilibrium, so the number of states in any given atom is proportional to the Boltzmann factor [10] . In this case the intensity of a spectral linewhich we assume is defined by the ratio of the energy interval E ∆ to the time interval t ∆ connected with transition-can be considered as proportional to the transition probability calculated with the aid of the quantum-mechnical formalism [10] . In order to check this property a spectrum of n p n s ′ ′′ − transitions, which satisfy the relation , n n ′ ′′ >
and both n′ and n′′ are the low-lying quantum states of the hydrogen atom, has been studied [8] . The problem of the proportionality coefficient has been eliminated by considering a pattern of the ratios of intensities and that of probabilities corresponding to different pairs of the electron transitions. In general the pattern of semiclassical intensities is found to fit rather well to that obtained for the quantum-mechanical probabilities calculated for the same levels [8] .
Certainly the selection rules for electron transitions, especially those dictated by the quanta of angular momentum belonging to n′ and n, could not be included by the semiclassical theory. This raised the problem how the angular momentum parameters, for example different than those applied in [8] , can influence the relation between the semiclassical intensities and quantum-mechanical probability results. To answer this point the present paper examines the ratios obtained for a spectrum of n d n p ′ ′′ − transitions together with n f n d ′ ′′ − and n g n f ′ ′′ − . In any of these cases the relation of (1) is preserved. This means that we referred the above transitions to those where the state n′ of a higher energy is associated systematically with the state l′ of a higher angular momentum; evidently the states n′′ of the lower energy refer to those of the lower angular momentum l′′ .
But in spectroscopy also an opposite emission than from n l
can take place. To obtain an insight into the case of , l l ′ ′′ <
say by 0 l′ = and 1 l′′ = , the ( ) n s n p n n ′ ′′ ′ ′′ − > transitions have been also studied in the present paper. It is demonstrated that the accuracy of agreement obtained between the results of the semiclassical and quantum-mechanical formalisms depends on the assumption whether the case of (2) or (3) is taken into account.
Basic Formulae
An outline of the formulae which are of use in a semiclassical theory of the energy emission in the atom has been done before [8] . A general aim of the former and present paper was to provide a formalism which allowed us-in the first step-to calculate the emission intensity of individual spectral lines in the hydrogen atom with the aid of the energy quanta and time quanta connected with the energy emission. Since the time quanta can be next represented by the energy quanta (see [6] - [8] ), the emission intensity is in fact expressed solely with the aid of the electron transition energies in the atom. The intensity ratios of different spectral lines obtained in this way can be compared with the quantum-mechanical ratios of transition probabilities characteristic for these lines. E E E I t t t t
Because of the relations (13) as well as
, n n n n n n n n t t t t t t t t
For the case of more distant quantum levels than 2 n + and n, for example n q + and n where 2 q > , we
Particular ratios of the emission intensity belonging to different pairs of the electron transitions in the hydrogen atom are represented in Table 1 and Table 3 ; see also [8] . In Table 1 are given the ratios , , .
Certainly f in (20) should not be confused with f in (5).
A characteristic point in (20) is that the angular momentum of the beginning state n′ is larger than the angular momentum of the end state n′′ . In Table 3 are represented the intensity ratios 
Quantum-Mechanical Ratios of Transition Probabilities between the Quantum
States Examined in Table 1 and Table 3 A quantum-mechanical counterpart of the semiclassical ratios of intensity considered in Sec. 2 and in Table 1 and Table 3 are the ratios of the transition probabilities calculated for the same sets of the quantum levels in [5] . These ratios are presented in Table 2 and Table 4 . In Table 2 the intensity ratios of Table 1 are compared with the quantum-mechanical ratios of the transition probabilities which are ( )
, ,
On the other hand the semiclassical intensity ratios of Table 3 are compared with the quantum-mechanical ratios of transition probabilities [5] ( ) ( )
in Table 4 . Tables 1-4 In general the semiclassical intensity ratios presented in Table 1 differ solely by few percent from the quantum-mechanical ratios calculated in Table 2 . The largest discrepancy between the semiclassical ratios of Table  1 and quantum-mechanical ratios of Table 2 seems to be in the case (61) where (see Table 2 ):
Discussion of Results Presented in
quantum-mechanical ratio 3.10 1.68 1.5. semiclassical ratio (4)- (6) and (9)- (11) . The results are compared with the ratios of quantum-mechanical transition probabilities in Table 2 .
No. Case Formula for the intensity ratio and the value of that ratio 
2.16 8.59 
2.16
4 1.84 1.84 1.84 Table 2 . Quantum-mechanical ratios of the transition probabilities between the pairs of quantum states examined in Table 1 (see [5] ) compared with the intensity ratios calculated in Table 1 .
No. Case Quantum-mechanical ratio Intensity ratio from 17.6 2.16 8.59 
4 If the larger of the ratios from the semiclassical and quantum-mechanical pair is considered in each examined case, all other ratios of this kind-beyond of the case (61) presented in (24)-do not exceed 1.5. In average this is evidently a much better agreement between the semiclassical and quantum-mechanical theory than attained for transitions n p n s ′ ′′ − ( ) n n ′ ′′ > considered in [8] . A different situation is represented, however, by the semiclassical data collected in Table 3 compared with the quantum-mechanical results in Table 4 . An agreement between these sets of the data is evidently poorer than attained in case of Table 1 and Table 2 of the present paper, as well as for the data collected in [8] . In 16 cases [(2), (4), (5), (7)- (10), (12) , (13), (23), (25) 
see Table 4 .
Because of a qualitatively different reference between the angular momenta in the beginning and end quantum states entering transitions examined respectively in Table 1 and Table 3 , it can be supposed that not only the energy levels but also the values of the angular momenta can influence the ratio of the semiclassical intensities. At present we have no insight into the angular-momentum contribution to the semiclassical results for the intensity relations.
Quantum Aspect of the Joule-Lenz Law Referred to the Bohr Correspondence
Principle
